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1

MINIATURE, MOBILE X-RAY COMPUTED
RADIOGRAPHY SYSTEM

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Patent
Application Ser. No. 61/814,430 filed on Apr. 22, 2013. The

subject matter of the earlier filed provisional application 1s
hereby incorporated by reference 1n 1ts entirety.

STATEMENT OF FEDERAL RIGHTS

The United States government has rights 1n this invention
pursuant to Contract No. DE-ACS52-06NA25396 between
the United States Department of Energy and Los Alamos
National Secunity, LLC for the operation of Los Alamos
National Laboratory.

FIELD

The present mvention relates generally to the field of
x-ray, and particle radiography and imaging, and more
particularly, to the sensing, detection, and monitoring of an
article using x-ray radiographic techniques.

BACKGROUND

Conventional computed radiography (CR) scanners use a

red laser-tlying spot to liberate blue, photo-stimulated, emis-
sion light. For example, FIG. 1 shows a conventional CR
scanner 100. Conventional CR Scanner 100 includes a red
laser flying spot 110 that emaits red light to a moving reflector
115. Moving reflector 115 reflects and directs the red light to
a phosphor 105 that emits blue light back to a receiver 120
such as a photomultiplier tube. In conventional CR scanners,
a single section of an article lying on phosphor 105 1is
scanned at a time. To scan 1images relatively quickly, phos-
phor 105 must have a fast relaxation time.

However, this process 1s slow and requires complex
transport mechanisms, sophisticated readout electronics, and
a large scanner. Thus, a smaller and faster x-ray system, with
fewer moving parts, may be beneficial.

SUMMARY

Certain embodiments of the present mvention may pro-
vide solutions to the problems and needs 1n the art that have
not yvet been fully identified, appreciated, or solved by
scanning and/or imaging devices. For example, an x-ray
system may be configured to scan 1mages stored on a storage
phosphor 1n some embodiments. Both the storage phosphors
and the scanned images may be tiled into a larger, image
mosaic. The system may be handheld, lightweight, and
readily deployable around the world 1n any number of
applications 1n many embodiments.

In one embodiment, an apparatus includes a flash circuit
configured to project a short flash of red light onto a
phosphor, and receive blue light from the phosphor. The
apparatus also includes a digital monochrome camera con-
figured to receive the blue light to capture an 1mage of an
article near the phosphor.

In another embodiment, a system includes a monochrome
camera configured to scan one or more 1mages of an article
recorded on one or more phosphors such that the one or
more 1mages can form a complete mosaic of the article. The
system also includes a plurality of lights configured to
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project focused red light onto a phosphor, and a filter
configured to reject the red light projected onto the phos-
phor, and pass blue light from the phosphor to the mono-
chrome camera.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of certain embodiments of the
invention will be readily understood, a more particular
description of the mvention briefly described above will be
rendered by reference to specific embodiments that are
illustrated 1n the appended drawings. While it should be
understood that these drawings depict only typical embodi-
ments of the invention and are not therefore to be considered
to be limiting of its scope, the mvention will be described
and explained with additional specificity and detail through
the use of the accompanying drawings, in which:

FIG. 1 1illustrates a conventional CR scanner.

FIG. 2 1s a block diagram illustrating an x-ray system,
according to an embodiment of the present invention.

FIG. 3 1s a circuit diagram 1illustrating a flash circuit,
according to an embodiment of the present imvention.

FIG. 4 1s a block diagram illustrating an x-ray system,
according to an embodiment of the present imvention.

FIG. § shows an image produced by an x-ray system
through a mosaic of multiple scans from a single radiograph,
according to an embodiment of the present invention

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

Embodiments of the present invention pertain to a min-
lature, mobile x-ray system for sensing, detecting, and
monitoring of an article or 1onizing radiation signature, and,
more particularly, to detecting any 1on1zing radiation includ-
ing hard ultra violet (UV), beta, alpha, neutron, x-ray,
gamma-ray, and proton radiography. The system may be a
small, lightweight digital x-ray system that scans images
recorded on a storage phosphor screen. The system may
include a camera, lights, and a filter, and a storage phosphor.
These components may allow the system to seamlessly
perform x-ray to electro-optic conversion. Scanned 1images
can then be tiled into large 1image mosaics 1n some embodi-
ments. This process results 1n a high resolution x-ray image
of virtually unlimited size and of any x-ray energy in some
embodiments, all from a single exposure.

FIG. 2 1s a block diagram illustrating an x-ray system 200,
according to an embodiment of the present invention. X-ray
system 200 1ncludes a lightweight x-ray source 245. Light-
welght x-ray source 245 1s configured to irradiate an article
240 with photons 1n the x-ray region of the electromagnetic
spectrum, or with other 1onmizing particles, such that a
transmission 1mage of article 240 can be generated. In some
embodiments, lightweight x-ray source 245 may be a °’Co
gamma ray source, 137Cs, °°Co, 7“Ir, ""Se, “Tc, or any
radioisotope. This reduces the weight and size of lightweight
Xx-ray source 245 as compared to conventional systems.

In certain embodiments, lightweight x-ray source 245
may be a triboluminescent source. Also, 1n some embodi-
ments, lightweight x-ray source 245 may include a sealed
cold cathode x-ray tube, as described in U.S. patent appli-
cation Ser. No. 14/181,278, filed on Feb. 14, 2014. The
sealed cold cathode x-ray tube may be a pierce-type x-ray
tube source that allows lightweight x-ray source 245 to
operate at higher energy levels.

X-ray system 200 also includes a camera 205. To improve
the quality of the scanned image, camera 205 may be a



US 9,588,234 B2

3

digital monochrome camera. The digital monochrome cam-
era may be a charged-couple device (CCD) camera, a
complementary metal oxide silicon (CMOS) camera, a
charge mjection device (CID) camera, an amorphous silicon
panel, or any digital monochrome camera that would be
appreciated by a person of ordinary skill in the art.
Attached to camera 205 1s a lens 215. Lens 2135 may be
a Tast lens 1n some embodiments having high resolution with
very low “‘ghosting” and vignetting. Lens 215 1s a fixed
conjugate lens or a fixed format lens 1n this embodiment.
This allows the 1image to sit 1n a single place without having
a focus ring on the image. Lens 215 1s also lightweight

reducing the overall weight of x-ray system 200.
Attached to lens 215 1s a light box 220. Light box 220

includes a filter 225 and a plurality of lights 230. Filter 225

may be part of light box 220, or may be a separate unit that
can be aflixed to light box 220. Filter 225 may be a blue pass
filter (e.g., a two-sided coded filter) configured to pass blue
light and reject red light. As shown 1n FIG. 2, red light (the
dashed lines) 1s projected onto phosphor 235 using plurality

of lights 230. Blue light (the solid lines) 1s emitted back from
phosphor 235 and passes through filter 225. While this
embodiment 1ncludes a single filter, multiple filters can be
used 1n other embodiments. For example, multiple filters
may be used to further eliminate infrared light, stray light, or
other light that would reduce the quality of the scanned
image. A more detailed description of light box 220 1s
discussed below with respect to FIG. 3.

FIG. 3 1s a circuit diagram 1illustrating a flash circuit 300
of light box 220 of FIG. 2, according to an embodiment of
the present invention. In this embodiment, flash circuit 300
includes a filter 305 and a plurality of lights 310. In other
embodiments, filter 305 may be separate from flash circuit
300. Filter 305 1n this embodiment 1s a very high rejection,
“short-pass™, dichroic filter configured to permit substantial
transmission of photons 1n a predefined wavelength range
while substantially rejecting photons 1n the long wavelength
range, €.g., 1n a range that i1s greater than 500 nm.

Also, 1n this embodiment, plurality of lights 310 surround
filter 305, and the number of plurality of lights 310 used
depends on the configuration of flash circuit 300 and the
image quality desired. Plurality of lights 310 are situated
such that the article being scanned on phosphor 235 1s
over-illuminated with red light to allow the blue light to be
collected. This prevents under-1llumination of a particular
area of the article and reduces the eflect of pattern light.

In this embodiment, plurality of lights 310 may be light
emitting diodes (LEDs). Because LEDs project light in a
broad manner, each LED includes a condenser lens (not
shown). The condenser lens 1s configured to focus light from
the LEDs to phosphor 235, or redirect the light 1n a forward
direction such that the light can be used 1n a more eflective
manner. By attaching a condenser lens to each LED, the
number of LEDs required to project the light can also be
reduced. This allows for an overall reduction 1n weight and
size of the flash circuit, increase 1n facilitation of hand-held
operation, or operation in well-lit ambient conditions.

In other embodiments, plurality of lights 310 may be laser
diodes with diffractive optics. Laser diodes provide various
benelits over other types of lights. For example, laser diodes
can project a coherent pattern suitable for multiple 1mage
formats. Also, the illumination source from the laser diodes
1s generally smaller. Further, the weight and size of plurality
of lights 310 can be reduced. This reduction 1n weight and
s1ze allows the overall size of flash circuit 300 to also be
reduced. Because the weight and size of flash circuit 300 1s
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reduced, the entire system can be even more compact, while
maintaining or improving the quality of the scanned 1mage.

It should also be appreciated that while LEDs spread light
over a wide solid angle, laser diodes are more coherent. For
instance, light from laser diodes can be projected to be
identical to the size of phosphor 235, while light from the
LEDs 1s generally projected not only on phosphor 235, but
also to areas outside of phosphor 235. In other words, the
light emitted from the laser diodes 1s more effectively used
than light emitted from the LEDs.

Flash circuit 300 also includes batteries 315 and capaci-
tors 320 to form a pulse power unit. While FIG. 3 shows two
batteries 315, any number of batteries may be used. Also, the
number of capacitors 320 may vary in order to achieve a
high energy storage. In should be appreciated that each
“super’” capacitor 320 has a high capacity of around 5-10
farads 1n this embodiment. Capacitors 320 may also be
called supercapacitors 1n this embodiment.

The pulse power unit 1s configured to use high density
energy from capacitors 320 to power plurality of lights 310.
The pulse power unit 1s configured to switch the high current
from energy-dense capacitors 320 on plurality of lights 310.
This may require high-current, low impedance circuitry e.g.
Trench Field Effect Transistor (FET) switches and heavy
gauge copper. In essence, capacitors 320 compensate for the
reduction 1n the number of batteries 315. This allows flash
circuit 300 to be lighter as less batteries 315 are required to
operate tlash circuit 300.

Because flash circuit 300 supplies high levels of current,
a low 1mpedance-load may be needed. To achieve a low
impedance-load, flash circuit 300 may include heavy gauge
copper. However, 1t should be appreciated that any substrate
having low impedance may be used.

Returning to FIG. 2, aflixed to camera 203 1s a hot shoe
210. Hot shoe 210 1s configured to develop phosphor 235 1n
a flash mode. Hot shoe 210 may include a push-button (not
shown) configured to erase, or clear, phosphor 235 for
subsequent use. This adaptation eliminates the need for a
separate 1llumination device that 1s normally as large as or
the same size as phosphor 235.

As discussed earlier, a conventional CR scanner 100, as
shown 1n FIG. 1, has a blur as large as the width of a laser
causing a smearing of the image to occur. However, by using
a phosphor 235, as shown 1n FIG. 2, smearing 1s eliminated,
substantially increasing resolution of the scanned article. In
this embodiment, phosphor 325 allows an article to be
scanned at a quicker rate than conventional CR scanners
because the entire 1image of the scanned article 1s taken at a
single time.

It should be appreciated that phosphor 235 1n this embodi-
ment 1s different from conventional phosphors. As noted
above, conventional phosphors have fast relaxation, allow-
ing conventional CR scanner 100 to scan an article 1n
segments. However, 1n this embodiment, phosphor 235 may
have a fast (less than 1 microsecond) or slow relaxation of
up to many seconds since the red light from plurality of
lights 230 1lluminates all of phosphor 235 at the same time.
This feature enables x-ray system 200 to have far greater
utility due to the very large numbers of available and
potentially produced storage phosphor molecules, which
have “slow” relaxation. These molecules, which have been
heretofore rejected due to their slow relaxation time, can
now be advantageously used based upon other physical
properties (e.g., density).

Because x-ray system 200 uses a portable camera 205,
phosphor 235 can be placed on any surface, e.g., planar
surface or non-planar surface, to create a radiation detector
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ol arbitrary size and shape. For example, phosphor 235 can
be painted on a surface of a wall, 1nside of a transportation
container, or on any suitable article or object, while allowing
for an article to be scanned. Stated another way, by painting
phosphor 235 on a surface, the surface can be turned 1nto an
1magetr.

It should be appreciated that phosphor 2335 has diflerent
readout mechanics than conventional phosphors. For
example, 1n a conventional phosphor scanner, a phosphor
plate must run through the scanner. In x-ray system 200,
phosphor 235 may remain 1n place or stationary at all times
during operation while the camera 205 1s moved to phosphor
235, greatly increasing the overall utility of x-ray system
200.

FIG. 4 1s a block diagram illustrating x-ray system 400,
according to an embodiment of the present invention. In this
embodiment, x-ray system 400 includes a box 425 com-
posed of carbon fiber material. Box 425 can be unfolded into
a flat panel or remain 1n a folded state to carry camera 405,
hot shoe 410, lens 415, light and filter device 420, and
phosphor 430.

In certain embodiments, box 425 may also act as a
portable dark room, preventing ambient light from entering,
and eirther erasing phosphor 430, or producing unwanted
image signal. As illustrated 1n FI1G. 4, box 425 may be placed
on top of, or around, phosphor 430. The article to be scanned
can be placed underneath phosphor 430. Camera 403, lens
415, and light and filter device 420 can be placed on top of
box 425 to create the portable dark room. This allows an
image to remain focused.

Box 425 may also include a connecting unit (not shown)
allowing camera 4035, lens 415, and light and filter device
420 to be attached to box 425. The connecting unit may
include Velcro®, latches, etc. The connecting unit may help
maintain stability of x-ray system 400 when scanming an
article.

Box 425 may also include thin walls. This 1s beneficial
when taking multiple images of a larger object. For example,
the thin walls allow for little separation between scanned
images so a complete mosaic can be taken.

When scanning larger articles such as a suitcase, conven-
tional Direct Radiography (DR) systems utilize multiple
high cost DR panels. The system of some embodiments,
however, 1s configured to perform multiple scans on a large
radiograph using only a camera and multiple, low cost
storage phosphor panels. For example, FIG. § shows an
image 500 produced by such a system through a mosaic of
multiple scans from a single radiograph. Essentially, the
system allows a large radiograph to be created with a small
sensor and a single exposure.

The features, structures, or characteristics of the invention
described throughout this specification may be combined 1n
any suitable manner 1n one or more embodiments. For
example, reference throughout this specification to “certain
embodiments,” “some embodiments,” or similar language
means that a particular feature, structure, or characteristic
described in connection with the embodiment 1s 1included 1n
at least one embodiment of the present invention. Thus,
appearances of the phrases “in certain embodiments,” “in
some embodiment,” “in other embodiments,” or similar
language throughout this specification do not necessarily all
refer to the same group of embodiments and the described
features, structures, or characteristics may be combined 1n
any suitable manner 1n one or more embodiments.

It should be noted that reference throughout this specifi-
cation to features, advantages, or similar language does not
imply that all of the features and advantages that may be
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realized with the present invention should be or are 1n any
single embodiment of the invention. Rather, language refer-
ring to the features and advantages 1s understood to mean
that a specific feature, advantage, or characteristic described
in connection with an embodiment 1s included 1n at least one
embodiment of the present invention. Thus, discussion of
the features and advantages, and similar language, through-
out this specification may, but do not necessarily, refer to the
same embodiment.

Furthermore, the described features, advantages, and
characteristics of the invention may be combined in any
suitable manner 1n one or more embodiments. One skilled 1n
the relevant art will recognize that the invention can be
practiced without one or more of the specific features or
advantages of a particular embodiment. In other instances,
additional features and advantages may be recognized 1n
certain embodiments that may not be present 1n all embodi-
ments of the invention.

One having ordinary skill in the art will readily under-

stand that the invention as discussed above may be practiced
with steps 1 a different order, and/or with hardware ele-
ments 1n configurations which are different than those which
are disclosed. Theretfore, although the imvention has been
described based upon these preferred embodiments, 1t would
be apparent to those of skill 1in the art that certain modifi-
cations, variations, and alternative constructions would be
apparent, while remainming within the spirit and scope of the
invention. In order to determine the metes and bounds of the
invention, therefore, reference should be made to the
appended claims.

The mvention claimed 1s:

1. A system, comprising;

a tlash circuit configured to project a short flash of red
light directly onto a phosphor, and directly receive blue
light from the phosphor; and

a digital monochrome camera configured to receive the
blue light to capture an 1mage of an article near the
phosphor; and

a lens 1n between, and attached to, the flash circuit and the
digital monochrome camera.

2. The system of claim 1, wherein

the lens configured to allow the 1mage to be situated 1n a
single location without having a focus ring on or
around the 1mage.

3. The system of claim 1, wherein the flash circuit
comprises a plurality of light emitting diodes configured to
project the red light onto the phosphor.

4. The system of claim 3, further comprising:

a condenser lens attached to each of the plurality of light
emitting diode, the condenser lens configured to project
focused red light onto the phosphor.

5. The system of claim 1, wherein the flash circuit further
comprises a plurality of laser diodes configured to project
focused red light onto the phosphor.

6. The system of claim 1, further comprises:

at least one filter configured to reject the red light pro-
jected onto the phosphor and allow the blue light from
the phosphor to pass through to the digital monochrome
camera.

7. The system of claim 1, wherein the flash circuit

comprises a pulse power unit,

the pulse power unit comprises at least one battery and a
plurality of capacitors.

8. The system of claim 7, wherein the flash circuit
comprises a plurality of lights, and wherein the pulse power
unmt 1s configured to use high density energy from the
plurality of capacitors to power the plurality of lights.
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9. The system of claim 1, further comprising;:

a hot shoe configured to develop the phosphor 1n a flash
mode and erase the phosphor for subsequent use.

10. The system of claim 1, wherein the phosphor 1s
painted or deposited on a planar or non-planar surface to
create a radiation detector of arbitrary size and shape.

11. The system of claim 1, wherein the phosphor com-
prises slow relaxation storage-phosphor compounds.

12. The system of claim 1, wherein the phosphor 1is
configured to remain stationary during operation.

13. The system of claim 1, further comprising:

a lightweight x-ray source configured to irradiate the
article with photons i1omzing particles such that a
transmission 1mage of the article can be generated.

14. The system of claim 1, further comprising;

a box configured to unfold into a flat panel or remain in
a folded state, the box comprises the monochrome
digital camera, the flash circuit, a hot shoe, a lens, and
the phosphor.

15. The system of claim 14, wherein the box 1s further
configured to create a portable dark room that prevents
ambient light from entering the box.

16. The system of claim 14, wherein the box comprises
walls configured to create minimum separation between
scanned 1mages so a complete mosaic of an article 1s taken.
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17. A system, comprising;:

a monochrome camera configured to directly scan one or
more 1mages ol an article recorded on one or more
phosphors such that the one or more 1images can form
a complete mosaic of the article;

a flash circuit comprising:

a plurality of lights configured to directly project
focused red light onto the one or more phosphors;
and

a filter configured to reject the red light projected
directly onto the one or more phosphors, and pass
blue light received directly from the one or more
phosphors to the monochrome camera; and

a lens 1n between, and attached to, the monochrome
camera and the flash circuit.

18. The system of claim 17, further comprising:

a box 1s further configured to create a portable dark room
to prevent ambient light from entering the box.

19. The system of claim 17, wherein the one or more

phosphors are painted or deposited on a planar or non-planar

20 surface to create a radiation detector of arbitrary size and

shape.
20. The system of claim 17, further comprising:
a lightweight x-ray source configured to irradiate the
article with photons 1onizing particles such that a

transmission 1mage of the article can be generated.
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